We study the decay η ′ → ηππ in two different chiral invariant approaches: Large-N c Chiral Perturbation Theory (ChPT) and Large-N c Resonance Chiral Theory (RChT). We analyze the Dalitz plot and the invariant mass spectra. We also compare the relevance of the isoscalar and isovector channels in these approaches. While the predictions of Large-N c ChPT at next-to-leading order slightly disagree with the measured decay width (showing the need for final state interactions and higher order local contributions), a reasonable agreement is obtained for the case of RChT.
Introduction
The decay modes of the η and η ′ mesons are special laboratories for studying symmetries and symmetry breakings in QCD. Specially, they can help us to test our Effective Field Theories in a chiral invariant framework. Even more since different upgrades are taking place in several accelerator research infrastructures such as Crystal Ball at MAMI-C, Crystal Barrel at ELSA, KLOE2 at DAPHNE and WASA at COSY. With all these expected data, one can determine the Dalitz plot parameters and then compare with the EFT predictions to test their accuracy.
In particular, η ′ decays are dominated by strong interactions since almost 65% of them are done through η ′ → ηπ + π − and η ′ → ηπ 0 π 0 (44.6 ± 1.4 × 10 −2 and 20.7 ± 0.9 × 10 −2 [2] , respectively). For that purpose, we will use the most general Lagrangian according to chiral symmetry and also the resonance Lagrangian, both in the Large-N c limit, to show that these η ′ decays are clean processes to study scalar mesons and some of their properties.
With these tools in hand we present the predictions for the Dalitz plots and the invariant mass spectra in both Large-N c ChPT (section 2) and Large-N c RChT (section 3). All the details, discussions and further comparisons are still preliminary and will be found in Ref. [1] .
Large-N c ChPT
From a general point of view, the theoretical tool to study η decays (m η ≃ 550 MeV) is Chiral Perturbation Theory (ChPT) [3] . It is an effective field theory based on the Goldstone Bosons as degrees of freedom from the spontaneous breaking of the chiral symmetry. It is an expansion in momenta and in quark masses and its breakdown scale is at the scale of the firsts resonances, which are not included in the description. This happens to be at the scale of the ρ-meson mass, depending on the particular channel. In order to treat the η ′ in this framework, the calculation needs to be organized in a slightly different way, because m η ′ ≃ 960 MeV, and then SU (3)-ChPT can not deal with it. However, the mechanism that gives mass to the η ′ , the U (1) A anomaly, it turns to be suppressed if the number of colors N c is not kept at three but sent to infinity [4] . Actually, also other aspects of QCD simplify. In this framework, the η ′ becomes then a Goldstone Boson and can be introduced in the Lagrangian. This new degree of freedom in the Lagrangian implies the enlarged U (3) L ×U (3) R global symmetry [5] .
The leading order prediction from this lagrangian to the decay η ′ → ηππ happens to be specially suppressed, being proportional to m 2 π and giving a prediction too much off the experimental data [6] . However, going one step further, the next-to-leading order (NLO) calculation in the large-N c ChPT expansion in p 2 , m 2 P and 1/N c [5] produces a drastic improvement of the decay rate, with the right order of magnitude of the process. This means that the dominant piece of this decay arises at NLO. Indeed, in the massless quark limit the LO term vanishes.
From the Large-N c perspective, it is very convenient to express the amplitude in terms of OZIallowed and OZI-suppressed components: The factors c, c sq , c ss are given by the η − η ′ mixing [1] with the numerical values
. On the other hand, the pieces M η a η b ππ are independent of the η − η ′ mixing and define the dynamics of the system. The kinematics are given in terms of s,t, u defined by:
In the Large-N c ChPT at NLO, the amplitude reads:
where the piece M η s →η s π + π − = 0 (up to the considered order). In the isospin limit, assumed here, the neutral pion decay is related to this through B(η ′ → ηπ + π − ) = 2B(η ′ → ηπ 0 π 0 ). The largest contribution comes from the 3L 2 + L 3 term, which is proportional to the external momenta. Everything else is proportional to different powers of m 2 π and, then, suppressed. Using the leading order contribution and the dominant piece with 3L 2 + L 3 = (3 × 1.8 − 4.3)10 −3 [8] , one obtains a prediction for the branching ration of B(η ′ → ηπ + π − ) = 48.6%. Nevertheless, the interference term in the squared amplitude |M η ′ →ηππ | 2 is not negligible numerically and then the m 2 π terms must be kept, especially that concerning L 5 . The final prediction for the referred inputs is B(η ′ → ηπ + π − ) = 26.3%.
In addition to the branching ratio, the study of the shape of the differential decay width (Fig. 1 ) and the Dalitz plot (Fig. 2) provides important information. Rewriting the amplitude in terms of the following kinetic variables
with 
In our approach, which preserves C-parity, the odd powers of x are absent. The terms ay and cx 2 are dominant: a = −0.42 and c = −0.12. However, the contribution by 2 is found to be of the same order as other subleading terms in the x 2 expansion. Thus, we propose a more suitable functional form for the Dalitz plot analysis, also including the subdominant terms of similar magnitude:
We obtain b = 14 · 10 −3 , κ 21 = 26 · 10 −3 and κ 40 = 4 · 10 −3 . This two extra terms should be included in future experimental analysis. Otherwise, the value obtained for b will result completely distorted as it will try to reproduce the absent terms. We also find interesting relations among these coefficients that only depend, at the considered order, on precise combinations of pseudoscalar masses: a/c = 3.40 and κ 40 /κ 21 = 0.15 and the inequality b/a < 0.
Large-N c RChT
Resonance Chiral Theory (RChT) [10] is the most general chiral invariant theory including the Goldstones Bosons from the spontaneous chiral symmetry breaking and the mesonic resonances. At Large-N c the amplitude for the process η ′ → ηππ (parameterized as in the previous section) has two OZI-suppressed components (at the order considered), M η s η q ππ = M η s η s ππ = 0, leaving only M η q η q ππ 1 :
In the low energy limit, the Large-N c result is recovered using the relations
) and the scalar multiplet is taken at M S = 980 MeV. c m is less important since always enters in the amplitude multiplied by m 2 π and we choose c m = F 2 /4c d [11] . However, for c d one finds several values in the literature and finally we choose c d = (26 ± 9) MeV [12] (see Ref. [1] for the discussion). On the other hand, since the decay rate is essentially proportional to c 4 d , using the experimental value B(η ′ → ηπ + π − ) = (44.6 ± 1.4)% one obtains a precise theoretical prediction for this parameter, c d = (28.9 ± 0.2) MeV. Likewise, in this approach the decay width is found to be dominated by the a 0 exchanges, being the contribution from the isoscalar scalar far too small.
In the study of the shape of the differential decay width, using the parametrization proposed in Eq. (2.6), we obtain a = −0.13, c = −0.07, b = 0, κ 21 = −6.6 · 10 −3 , and κ 40 = −1.3 · 10 −3 . The prediction for a and c agrees with the VES experimental analysis 2 [13] . However, the prediction for b disagrees. This fact can be understood taking into account that in Ref. [13] κ 21 and κ 40 were not used and then the b exp could be distorted. Similar relations found among these parameters in the previous section are also found here but with slightly different numbers: a/c = 2.0 and κ 40 /κ 21 = 0.2. Likewise, one also finds b/a < 0.
